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OMBINED HEAT and POWER WORKSHOP

|
Energy So/uticMs
Bottom Line Results.
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Site

Installed Capacity| | | |
Commissioning Date
Fy¢/‘lqp‘ut

Peak Summer Load '
Peak Winter Loads
Minimum Loads »
Plant Location
Electrical Operation
Major Equipment| | I |

Emission Control
PURPA Qualified

INSTI TU'}IONAL CASE STUDY
Case Study Overview

Staten Island University Hospital - So.
1,150 kW / 4.5 MM BTU/hr
January, 1992 | | |
15.5 MMBTU/hr Ty
| _},%’OO kW /20,000 Ib./hr
800 kW / 25,000 ll?./hr
400 kW / 1,500 Ib./hr" |
Adjacent to boiler room in new P)dildip
| Grid Parallel; grid Isolated Emergency Mode
CAT G399, CA‘T G3412 as packaged by
Tecogen, Inc N N
Catalytic Converter (refroﬁt)

ENERGY
MANAGEMENT
COMPANIES

























[]
[]
[]
[]
[]
[]
[]
[]
[]
[]
[]
[]
[]

NERN
evelopment process and schedule

uel Utilization ' ' ' NN NN

onstruction Costs

RERN
nergy Savings i

%% Savings ‘

eliability and Availabilty | | |

ncillary Benefits SN
Use as emergenéy generation system (isolated mode)
Use ffor Peak Shaving A |
Parallel Intercohﬁacﬂgn with grid e
Constructability and start -up in a Hospital setting ) |

ENERGY

ANAGEMENT

: ) |
Operations and Maintenance N |
: |
Steam Compression qMFAMES



Project )Part/(:/panté Awards

NERN NEEN NERy EEEEN NEny
Brooklyn Union Gas

NyGas .

Staten [sland Un/verSIty Hospital
N

|
KeySpan Energy Management = o
I N

1995 - ASHRAE Technology Award
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U DEVELOPMENTICYCLE MUCHILONGER AND MORE EXPENSIVE
THAN ANTICIPATED

| ]|
« Design Iterations, Finance and'Cost Iterat/pp§ Perm/ts and Approvals
N r1986 Commence Feasibility Ty
1989  Commence Dequ‘n‘ and Order Equipment
(Fall) Break Ground N |
(Uanqqry) Commission and Acceptanée

N
N
|
. 3104 YEAR DEVELOPMENT CYCLE: 18 MONTH CONSTRUCTION
. TIME IS MONEY | iy,
. LEGAL EXPENSES AND OTHER SOFT COSTS
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e uel Utilization

EXPECTATIONS
NN NN

N
ROJECTED ANNUAL GAS LOAD INCREASE" W?, 000 DTH/PER
EAR RN . |
]
| |
+ HIGH LOAD FACTOR FIRM GAS PROCURED AT TARIFF RATES
|

| |
. II\‘/IPD\RFANCE OF FUEL SUPPLY ‘ahd COST CERTAINTY
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[1 Scope Additions
RRERN

]| :

1st cut estimate! (1987) N
Schematic Design Estimate a
t‘ohstruct/on ‘roument Estimate

HH‘\
ACTUAL COST

Cqustrucuon Costs

0 ACTUAL COSTS WERE GREATER THAN ANTICIPATED |

O Unrealistic Preliminary ‘Ia‘stlmates

ARNNN
$1.3 MILLION

$2.0 MILLION

$24M/LL ION \
|
o

$2.4 MILLION
(APPROX $2,000/kW)
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Ebergy Saving

Heat Input Total, LHV
Heat Input Tdta‘l, HHV

Work Delivered

Internal Losses| | | |
Exhaust Heat Recoverable
Unrecoverable Exhaust Heat
Radlation and Qopvmtion
Jacket water recovered
Aftercooler reject

Oil cooler ngje?cﬁ .

LHV - HHV Loss = |

TOTAL
TOTAL RECOVERABLE

kW

-
BTU/min

MMBTU/hr

BTUKW

ESIGN (PROJECTED) HEAT BALANCE FOR CATERPILLAR G399

% TOTAL

129,379
14361
36,963
2,502
23,715

13,99
5175

37,989
2,559
6,483

14,232

143,611
‘\

y
|

7.76
8.62

222
0.15
1.42
0.84
0.31
2.28
0.15
0.39
0.85

11,943
13,256

4 dis

231
2,189
1,292

1 478
3,507

236
598
1,314

N
|
13,256 |
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' Energy Savings (cont)
e
S ChALPER oA

| TANNUAL ENERGIY DELIVERY? | | P P .

Gross Generation 5,309 MWH (el.) 18,115 MMBTU
Net Generation 5,171 MWH (el.) 17,644 MMBTU
Electric'import | 111 | 1,081 MWH (el,) 3,689 MMBTU

Steam 6,475 MWI‘—I (th) Ll 22,094 MMBTU

]
LT ]
ANNUAL FUEL CONSUMPJTI‘O‘N‘ | 70,?9‘2 MMBTU HHV

|
(PEAK SHAVING FUEL) 4,341 MMBTU HHV|
R N

|
UNIT VALUES N s

N  Gross Heat Rate 13,259 BTU/KWH (13,256 Projected)

| |
The‘rr%a‘/ Recovery 4,162 BTL‘J/kWH ( 5,696 Available)

]
| |
| o
FUEL CHARGEABLE TO POWER 9 452 BTU/kWH | | |
FUEL EFFICIENCY 56.?%
PURPA EFFICIENCY 45.29% based on LHV Ry

“BUBBLE” FUEL SAVINGS 21.0% (Compared to conventional) ng\fﬁ“ggm




$$% Savings

.
O Less Than Anticipated

|1 1] . e
PROJEC7LED SAVINGS, exclusive ofJ capital recovery

Ist YEA R‘ /ﬂ C‘T(HIA‘L COSTS
FUEL

O&M
Ist YEAR SAVINGS IN UTILITY CHARGES
i
ELECTRIC DEMAND | |
ENERGY
| STEAM RECOVERY
SAVINGS (1st YEAR) N |

SAVINGS (subgéquent years)

| N
REASONS FOR MARGINAL ECONOMICS
Additional expenses (e.g.catalyst retrofit)
Increase in tariff gas costs

Short duration “trips” (less than one hour) results in demand charge
Minimum demand charge

Important electricity greater than anticipated (control issue)

$228,000

$286,519
$ 89,256
$58d,536\ |
$152,848
$326,380
$101,308
$204,761

$125,000-$175,000

ENERGY
ANAGEMENT
dMFAMES




Rel/ab///ty and Availability

-xceeded Expectations N EEEEN N

lant Availability | u 99.897% 1st 99.868% 2nd year
ain Engine 98.482% 1st 11|, 96.42% 2nd year
NN — NN
| In the f/rst year
10 Forced outage hours | |
| N
Successful peak shaving 792 out of 796 hours

N 1/2 hour is sufficiem to incur demand charge
| | ‘

L Subsequent years - 90% - 99%
Overhauls last one full Week .
\‘ ‘

Several trips were more than nuisance
(valve swallowed, exhaust pipe problem, retrofit catalyst)
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,(se as Emergency Generation
. \ €?P!V)r)’ <<,:E;n(;’l'éfi!lL€E? | Ir)r)";)":lltszg? |

Met Expectations
NN o
|||

Automatic switch - over to isolated mode || | |
| |

Usually successful if site load < engine capability
@lgck start required if site load'> emgme orz10):101/18%

Compllcated cqqtrol scheme, techn/ca/ Issues
.
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~ Use for Peak Shaving

Met Expectations | | -
|
| AR
Second backup' engine used in Summer to meet added 400 kW loa‘zd
‘\ \‘

| |
| | e g

Succ‘:é§sful on average 2 out of 4 months in “picking up” demand

savings y e ‘

|| ey | |

Redundancy is lost mhen peak shaving \‘ |
|

|

|

|
o |
‘ ENERGY
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Parallel (n}erconnecti@h with Grid

| | RN EEEEN
Successful parallellng, Auto resynch

. ‘ée‘téi‘led stud)‘/ is‘rbtyuired N

AR
1| . : |
Ho§t utility was!' professional qnd helpful after project was clearly a GO
|

| |
lﬁa{rélleling Swiqchgear and Relay Protection mee@ Utility standards

| |
a
. |Fair interconnect charges Were éé%ssed ( $35K )
N
| ‘\ |
* Problems with utility distribution system effects baralle/ connection -
demand charges should be Wéuy?d for these instances

‘ ENERGY
ANAGEMENT

» Ancillary benefits must be valued erANlES




anstrugtabilityand Start - Up
TN I;I’I éE? ‘F-jlt:).fs;lt;’1;1%6?11' ‘:ES:€E?1:4F4;IV]’£;7' .

RN NN
Minimum impact due to green'-'field site

Outages are required to make critical electrical, steam connections
|
RN Iy
| | | | ‘
» Several short duration disruptiqnﬁduring Start - up N
| N | | |

| N
|
o Control system debué]
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Operations, Maintenance

Critical parameters'are monitored ' ' ' ' NEREN

Water Treatment is Mandatory (ebullient cooling, HRSG)
Monthly engine oil changes ( at nig/‘:t ) necessary
Top end overhauls annually | AR

) - .
Balance of plant se(\{/qu‘vg |

[] leqn?% include air handling unit - bearings, batter)‘/ bha\rge‘r switcgear breaker,
exhaust pipe 1 ‘ ‘

[1 Key plant components: Heat Recovery boiler, fluid cooler, air compregsbn ,\water

‘tﬁeatment, back - up engine radiatoré, ‘mqtor control center, pumps, controls,

emission control, \vpl?tilation system, switchgear
.

Major overhauls - 30,000 hours ‘
Average unit O&M costs: 1.6 to 2.4 éémts per kWH

Hidden costs: Additional time required o; operators s
Operators are important : semi - attended operation is necessary r ;

ENERGY




Plant is reliable, not perfect

Costs (construction and operating) are greater than anticipated

RN RN
N
Development cycle is longer than antICIpated NN |

.
Savings alone Would not /ustlfy this pr@qut

| \ | |
Fair valL‘/é for ancillary Qenefits would enhance economics al‘ﬂ justify this plant class
N
N
Uséﬁume$s as emergency generation sy§tém was proven : reliable, but not perfect
N
| |
Back up tariffs should be féilf and market based “ \‘ |
"

Economics, not PURPAnomics, should inflyence this market ENERGY

ANAGEMENT

dl\/IFANIES

Long Term Planning and Thinking is essential ;
\




